Mathematical modeling of genesis and treatment of chronic myeloid leukemia.
Chronic myeloid leukemia (CML) is a clonal hematopoietic disorder induced by translocation of chromosomes 9 and 22, resulting in an overproduction of myeloid blood cells. CML-specific characteristics include a latency time of several years, a period of coexistence of malignant and normal cells and an eventual dominance of the malignant clone. Different drug therapies are available, most notably imatinib, which inhibits the oncogenic BCR-ABL1 tyrosine kinase. Although the chromosomal aberration causing CML is well known, the resulting dynamic effects on the system behavior are not sufficiently understood yet. Here, we apply an already established mathematical model of hematopoietic stem cell organization. Based on parameter estimates for normal hematopoiesis, we systematically explore the changes in these parameters necessary to reproduce CML-specific characteristics regarding emergence and course of disease as well as a variety of qualitative and quantitative clinical data on CML treatment. Our results indicate that 1 or more of the following mechanisms are compatible with the induction of a dominant clone in the proposed model: a retarded differentiation process, a reduced turnover time or a defective cell-microenvironment interaction of the neoplastic cells. However, in order to explain the massive overproduction of malignant cells, an unregulated and abnormal activation of leukemia stem cells into cycle has to be assumed additionally. Based on our simulation results we conclude that CML dynamics can most appropriately be explained by a modulation of the cell-microenvironment interactions of leukemia stem cells, including both the process of stem cell silencing and activation into cycle.